Acute renal failure (ARF) sensitizes the kidney to endotoxin (LPS)-driven production of cytokines and chemokines. This study assessed whether this LPS hyperresponsiveness exists at the genomic level. Three heterogeneous mouse models of ARF were studied: Maleate nephrotoxicity, unilateral ureteral obstruction, and LPS preconditioning. In all cases, LPS was injected approximately 18 h after injury was induced, and over the next 0 to 90 min, RNA polymerase II recruitment to the genome at three LPS-responsive genes (TNF-␣, monocyte chemoattractant-1 [MCP-1], and heme oxygenase-1 [HO-1]) was assessed by chromatin immunoprecipitation. LPS hyperresponsiveness was noted in each model, measured by exaggerated increases in TNF-␣ and MCP-1 mRNA (approximately two to 10 times higher than LPS-injected controls). Corresponding increases in the recruitment of RNA polymerase II to the TNF-␣ and MCP-1 genes were observed, and increased trimethylation of histone 3 lysine 4 (H3K4m3) at these sites may have played a role in this recruitment. Conversely, recruitment of RNA polymerase II to the HO-1 gene was suppressed ("tolerance"), and no increase in H3K4m3 was observed at HO-1 exons. The ARF-induced changes in mRNA did not correlate with mRNA stability, suggesting the mechanistic importance of RNA polymerase II-mediated transcriptional events. In conclusion, LPS hyperresponsiveness after ARF is likely mediated at the genomic level, possibly by H3K4m3.
Recent observations from this laboratory suggested that a paradox exists in the setting of acute renal failure (ARF). On the one hand, acute tubular injury initiates adaptive changes that protect the kidney against subsequent ischemic or toxic damage (so-called "acquired cytoresistance"; e.g., references [1] [2] [3] [4] ). On the other hand, ARF can cause exaggerated renal tubular cytokine and chemokine production in response to superimposed stress (most notably, endotoxemia [5] [6] [7] [8] [9] [10] [11] ). With renal venous efflux, elevated plasma concentrations of inflammatory mediators result, [5] [6] [7] [8] [9] [10] [11] potentially contributing to extrarenal tissue damage and multiorgan failure.
To date, we have documented the following characteristics of the ARF-induced renal hyperinflammatory state [5] [6] [7] [8] [9] [10] [11] : (1) It is due to heightened renal tubular sensitivity to selected Toll receptor ligands (e.g., endotoxin, lipoteichoic acid); (2) it can be expressed despite normal baseline renal cytokine/chemokine levels; (3) Toll ligand hyperresponsiveness can develop despite reduced Toll receptor protein levels, 11 suggesting that postreceptor events are involved; (4) diverse forms of acute renal injury can induce this hyperresponsive state, including ischemia-reperfusion, 5 cisplatin nephrotoxicity, 6 myohemoglobinuria, 7 previous endotoxin exposure (i.e., "endotoxin preconditioning" 8 ), or obstructive renal damage 6 ; (5) overproduction of both proinflammatory (e.g., TNF-␣, monocyte chemoattractant protein-1 [MCP-1], nitric oxide) and anti-inflammatory (e.g., IL-10) mediators can result; and (6) heightened cytokine and chemokine production is paralleled by increases in their respective renal cortical mRNA. However, it is not known whether enhanced transcription and/or stress-induced increases in mRNA stability [12] [13] [14] [15] [16] [17] account for these increased transcript levels.
This study was undertaken to gain new insights into this phenomenon. Toward this end, we assessed degrees of endotoxin (LPS)-driven renal cortical RNA polymerase II (Pol II) recruitment to three LPS responsive genes (TNF-␣, MCP-1, and heme oxygenase-1 [HO-1]). The rationale for these assessments is that, together with mRNA levels, Pol II density at genomic site(s) reflects rates of gene transcription and serves as a surrogate marker of this process. 18 -20 Tissues from three very different models of acute renal injury were studied (previous endotoxin exposure, maleate-induced tubular injury, and ureteral obstruction) in an effort to assess potential broad-based biologic relevance. TNF-␣, a proinflammatory cytokine, MCP-1, a proinflammatory chemokine, and HO-1, a cytoprotective stress protein, were selected for study to assess further the biologic scope. To ascertain degrees of mRNA stability, we isolated proximal tubules from kidneys subjected to these in vivo injury protocols and assessed degrees of in vitro mRNA degradation.
RESULTS

Renal LPS Responsiveness: Effects of "LPS Preconditioning"
Previous LPS exposure ("preconditioning") is known to induce relative systemic resistance to a second LPS challenge (e.g., as denoted by suppressed cytokine/chemokine generation [i.e., "endotoxin tolerance" [21] [22] [23] [24] [25] [26] [27] ]); however, we previously demonstrated that in kidney, LPS preconditioning (LPS-PC) causes a paradoxic increase in renal cytokine/chemokine production after a second LPS injection. 8 For further characterization of this renal LPS hyperresponsive state, Pol II recruitment to selected LPS target genes was assessed and correlated with renal cortical mRNA levels and mRNA stability. Assessments were made in LPS-PC mice (approximately 18 h after LPS injection) and control mice either before or after (15, 30 , and 90 min) an acute LPS challenge/rechallenge.
mRNA for TNF-␣, MCP-1, and HO-1.
The LPS-PC mice had increased basal levels of TNF-␣, MCP-1, and HO-1 mRNA, compared with values seen in control kidneys (compare controls, "C" versus"PC" in Figure 1 , A and B; P Ͻ 0.01 in each instance). When these PC mice were rechallenged with LPS, significantly greater TNF-␣ and MCP-1 mRNA increases above these basal values were observed, compared with the LPS-induced increases in control kidneys (Figure 1A , 15 min after LPS time point; Figure 1B , 30 min after LPS time point). In contrast to TNF-␣/MCP-1 mRNA, no increase in HO-1 mRNA was observed in LPS-PC mice upon LPS re-exposure, despite that HO-1 was clearly an LPS-responsive gene (based on the finding that basal mRNA levels were approximately two-fold higher in LPS-PC mice, versus controls). As described in the next section, these renal cortical mRNA responses were reflected by degrees of Pol II recruitment to their respective genes.
Pol II Density at TNF-␣ Exons 1 and 4.
At 15, 30, and 90 min after LPS injection, both the control and the LPS-PC mice manifested increased Pol II localization at Mice that were pretreated with LPS 18 h previously had modest but significant TNF-␣ and MCP-1 mRNA elevations, compared with control (C) mice. When the LPS-PC mice were rechallenged with LPS, significantly greater increases in TNF-␣ and MCP-1 mRNA were observed, versus those seen in LPS-challenged naive controls. This was true whether the measurements were made at 15 (A) or 30 min (B) after repeat LPS injection. HO-1 mRNA levels were approximately twice as high in the preconditioned versus the control mice (P Ͻ 0.01); however, no acute increases were seen in either group at either 15 or 30 min after LPS injection. LPS, 15 or 30 min after LPS injection; PC, 18 h after LPS injection; PCϩLPS, preconditioned mice rechallenged with LPS. exons 1 and 4 of the TNF-␣ gene ( Figure 2 , A and B, exons 1 and 4, respectively). The degree of these LPS-driven increases were significantly greater in the LPS-PC mice, compared with LPS-challenged naive controls (P Ͻ 0.01 to Ͻ0.05). This heightened responsiveness was seen in the absence of any significant difference in baseline levels of Pol II-TNF-␣ gene localization between the control and LPS-PC mice, as assessed by overall statistical analysis for all mice.
Pol II Density at MCP-1 Exons 1 and 3. The MCP-1/Pol II results (Figure 3 ) mirrored those just described for TNF-␣: (1) Overall statistical analyses (15, 30 , and 90 min after LPS data combined) demonstrated that the LPS-PC mice had greater LPS-driven Pol II increases at both exons 1 and 3 of the MCP-1 gene, versus the LPS-induced increases seen in the controls (P Ͻ 0.01), and (2) these differences were observed in the absence of any significant baseline differences in Pol II levels at either MCP-1 gene locus.
Pol II Density at HO-1 Exons 1 and 5.
LPS injection into control mice induced significant increases in Pol II density at both exons 1 and 5 ( Figure 4 ) of the HO-1 gene, indicating LPS responsiveness; however, in striking contrast to these findings, LPS injection into LPS-PC mice failed to acutely increase Pol II levels at HO-1 loci. As noted already (Figure 1 data) , this failure of LPS-driven Pol II recruitment to HO-1 exons in the LPS-PC mice was associated with a failure of any further LPS induction of HO-1 mRNA (i.e., tolerance). When rechallenged with LPS, greater increases were observed in the preconditioned mice, compared with LPS-injected naive controls, particularly at the 15-min time point (*overall statistical analysis for all time points, exon 3, P Ͻ 0.01).
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Pol II Density at Ribosomal Genes. None of the treatment protocols resulted in any change in Pol II localization at 18S ribosomal DNA (rDNA; data not shown). Thus, this served as a negative control for the positive Pol II binding to the TNF-␣ and MCP-1 genes, as described already.
mRNA Stability in Control and LPS-Challenged Mice.
Incubating control tubules with actinomycin D for 3 h resulted in approximately 80% TNF-␣ mRNA degradation ( Figure 5A , left). Neither LPS-PC mice nor control mice subjected to a 30-min LPS challenge manifested any change in this amount of TNF-␣ mRNA degradation (again, approximately 80%; Figure  5A , left); however, when tubules were harvested from LPS-PC mice 30 min after LPS rechallenge, reduced TNF-␣ mRNA degradation was observed (approximately 50% TNF-␣ mRNA degradation; P Ͻ 0.001 versus the 80% seen in the other groups). This was not a transient finding: When the in vitro incubations were continued for 6 h with actinomycin D, no further decrease in TNF-␣ mRNA levels was observed ( Figure 5A , right). Thus, these data indicate that LPS preconditioning permits stabilization of newly formed (LPS stimulated) TNF-␣ mRNA.
To complement the TNF-␣ mRNA stability results, we assessed MCP-1 and HO-1 mRNA degradation (6 h incubation with or without actinomycin D). As shown in Figure 5B , con- In striking contrast, when the preconditioned mice were rechallenged with LPS, no significant increase in Pol II levels was observed (at any time point or at either exon). This suggests LPS tolerance vis à vis Pol II recruitment. Tubules from PC mice that were rechallenged with LPS manifested decreased mRNA degradation, as assessed at either the 3-or 6-h time point. Conversely, neither preconditioning alone nor LPS injection alone altered TNF-␣ mRNA degradation rates. (B) Assessments of in vitro MCP-1 and HO-1 stability after intravenous LPS injection. LPS induced MCP-1 mRNA stability, whether the assessments were made at 30 min or 18 h (preconditioned mice) after LPS injection. Conversely, only a minimal increase in HO-1 mRNA stability was observed in response to LPS, and this was observed only in preconditioned tubules that were rechallenged with LPS (P Ͻ 0.01).
trol tubules manifested approximately 70% and approximately 60% MCP-1 and HO-1 mRNA degradation, respectively, during this period. LPS treatment markedly stabilized MCP-1 mRNA, such that virtually no degradation was observed in any of the tubules harvested from LPS-treated animals ( Figure 5B ). HO-1 mRNA degradation was not altered with LPS-PC; however, with LPS rechallenge, a modest decrease in HO-1 degradation was observed.
Maleate Nephrotoxicity: Impact on Pol II and mRNA Responses to LPS mRNA. By itself, maleate toxicity caused modest but significant baseline increases in TNF-␣, MCP-1, and HO-1 mRNAs (P Ͻ 0.025; Figure 6A ). When these maleate mice were challenged with LPS, significantly greater TNF-␣ mRNA and MCP-1 mRNA increases (above basal values) were observed, versus those seen in LPS-injected controls. In contrast, LPS failed to increase HO-1 mRNA above basal values, suggesting LPS "tolerance" vis à vis this gene.
Pol II Levels.
The Pol II data mirrored the described mRNA results: With LPS injection, the maleate mice showed hyperresponsive Pol II recruitment to both TNF-␣ (exons 1 and 4) and MCP-1 loci (exons 1 and 3), compared with LPS-injected controls ( Figure  7) . This difference could not be explained by differences in basal Pol II expression, which was not different for the control and maleate groups. LPS failed to acutely recruit Pol II to HO-1 exons 1 or 5, mirroring the associated failure of HO-1 mRNA induction. This further suggested acute LPS tolerance at the HO-1 gene. Pol II was not altered at rDNA (negative control). Figure 6B ). Thus, these findings exactly paralleled those observed in the LPS-PC as well as the maleate experiments.
As shown in Figure 8 , UUO, by itself, induced either minimal or nonsignificant Pol II recruitment to TNF-␣, MCP-1, Figure 6 (A) Renal cortical mRNA responses to LPS injection in the setting of maleate nephrotoxicity. By 15 to 30 min after LPS injection, significant increases in TNF-␣, MCP-1, and HO-1 mRNA were observed in both the control (C) and maleate treatment groups. The degree of these TNF-␣ and MCP-1 mRNA increases were two-to four-fold greater in the maleate treatment group (compared with their basal values). Conversely, maleate pretreatment did not alter the HO-1 mRNA responses to LPS, given that the post-LPS values were essentially identical between the control and maleate groups. All three mRNAs were somewhat higher at baseline in the maleate versus control groups. (B) Renal cortical mRNA responses 15 to 30 min after LPS injection in the setting of UUO and in CL kidneys. These results mirrored those described for the maleate experiments, as follows: (1) UUO significantly increased TNF-␣, MCP-1, and HO-1 mRNA in the absence of LPS; (2) LPS induced dramatic increases in all three mRNAs; (3) the degrees of TNF-␣ and MCP-1 mRNA increases were significantly greater in UUO versus CL kidneys; and (4) HO-1 mRNA in the UUO kidney did not acutely respond to LPS injection. BASIC RESEARCH www.jasn.org or HO-1 exons. LPS induced significant Pol II recruitment to both exons of each of the three assessed genes (P Ͻ 0.025, CL versus CL ϩ LPS). The degrees of increase at the TNF-␣ and MCP-1 exons were statistically greater in the LPS-challenged UUO kidneys, compared with their CL unobstructed kidneys; however, LPS failed to raise Pol II levels at HO-1 exon 1 above basal values (suggesting LPS "tolerance" at this site). Conversely (and unlike the results in the LPS-PC and maleate experiments), UUO did increase LPS-driven Pol II binding to exon 5 of the HO-1 gene. No Pol II increase was seen at rDNA (again, serving as a negative control).
mRNA Stability. The presence of UUO did not alter TNF-␣, MCP-1, or HO-1 mRNA stability in the presence or absence of LPS (as reflected by equal degradation in CL and obstructed kidneys at 3 to 6 h of incubation; data not shown). Thus, as with the maleate results, these findings suggest that the observed increase in TNF-␣ stability upon LPS rechallenge in the LPS-PC experiments was relatively unique to that model. Maleate did not independently alter Pol II levels at either the start or end exons of any of the three assessed genes; however, when injected with LPS, Pol II recruitment occurred and was greater at both exons of the TNF-␣ and MCP-1 genes, compared with the recruitment seen in the controls. Conversely, no preferential recruitment of Pol II was seen at either exon of the HO-1 gene. Thus, these data were highly analogous to the observed corresponding mRNA levels, as presented in Figure 6A . exons of TNF-␣, MCP-1, and HO-1 genes. UUO did not independently alter Pol II levels at exon 1 of any of the assessed genes. It also had either a quantitatively minimal or no impact on Pol II at end exons. When the mice were administered an injection of LPS, significantly greater increases in Pol II recruitment was observed at both start and end exons of the TNF-␣ and MCP-1 genes. Conversely, no preferential increase was seen at HO-1 exon 1, highly consistent with the previously described HO-1 mRNA data ( Figure 6B) ; however, a modest preferential increase of Pol II was observed at HO-1 exon 5.
(H3K4m3) is associated with actively transcribed genes and an open chromatin state. 28 -33 Thus, we probed each of the ARF models to ascertain whether H3K4m3 is elevated at target genes. As shown in Figure 9 , each of the three ARF models increased H3K4m3 at exon 1 of the TNF-␣ and MCP-1 genes. UUO and LPS-PC also increased H3K4m3 at TNF-␣ and MCP-1 end exons. Conversely, no increase in H3K4m3 was observed at either exon 1 or 5 of the HO-1 gene. Thus, these changes, observed 18 h after LPS injection, maleate injection, or induction of UUO, correlated with subsequent LPS-induced enhancement of Pol II recruitment to the TNF-␣ and MCP-1 genes but not the HO-1 gene.
Blood Urea Nitrogen Concentrations
The LPS-PC and maleate protocols induced modest azotemia, as assessed 18 h after injections (42 Ϯ 3 and 75 Ϯ 5 mg/dl, respectively; controls 24 Ϯ 2 mg/dl). As expected, UUO only slightly raised blood urea nitrogen concentrations (28 Ϯ 3; NS versus control values).
DISCUSSION
In a Science editorial 34 that introduced Kornberg's elucidation of Pol II's crystallographic structure, 35, 36 Marx advanced the following view: "If any enzyme does the cell's heavy lifting, it's RNA polymerase II. Its job: Getting the synthesis of all of the proteins in higher cells under way by copying their genes into RNA, and doing it at just the right time and in just the right amounts. As such, Pol II is the heart of the machinery that controls everything that cells do-from differentiating into all of the tissues of a developing embryo to responding to every day stress." A clinically relevant "stress" that befalls patients with ARF is Gram-negative sepsis. Hence, this study sought to determine whether increased Pol II recruitment is a proximate event underlying our recent observations [5] [6] [7] [8] [9] [10] [11] that the ARF kidney hyperresponds to LPS. We recently documented that Fast Chromatin Immunoprecipitation (ChIP) assay can be used to assess in vivo genomic Pol II recruitment. 37 Hence, we applied this technique to help probe this issue.
In each of three highly divergent models of acute renal injury (LPS-PC, maleate nephrotoxicity, and UUO), we demonstrate almost immediate LPS hyperresponsiveness, as assessed by greater renal cortical TNF-␣ and MCP-1 mRNA increments versus those elicited by LPS in normal kidneys. We previously documented that these mRNA increases translate into enhanced renal TNF-␣/MCP-1 protein synthesis, as reflected by elevations in their renal cortical and plasma concentrations. [5] [6] [7] [8] [9] [10] [11] The key finding of this study is that this mRNA hyperresponsiveness is accompanied by enhanced Pol II recruitment to the TNF-␣ and MCP-1 genes. That this same result was documented in each of three unrelated ARF models underscores its potential broad-based relevance. In contrast, ARF failed to sensitize the kidney to LPS-mediated HO-1 mRNA accumulation, and Pol II recruitment to the HO-1 locus was suppressed. This suggests that selective "LPS tolerance" vis à vis HO-1 responsiveness had emerged. The reason for this remains unknown; however, it clearly indicates that the observed Pol II elevations at TNF-␣/MCP-1 gene loci were not simply a nonspecific consequence of LPS injection. That LPS also did not alter Pol II binding to rDNA underscores this point. Finally, it is noteworthy that essentially parallel changes were observed at both the start and the end exons of the TNF-␣ and MCP-1 genes. Because Pol II recruitment along the gene is Along with increased transcription, mRNA stabilization may also raise mRNA levels (e.g., [12] [13] [14] [15] [16] [17] ). Thus, we addressed whether this mechanism, rather than Pol II-driven gene transcription, might have caused the preferential LPS-mediated TNF-␣/MCP-1 mRNA increases in the setting of ARF. Toward this end, isolated proximal tubules were harvested from each of the three injury models, and then in vitro mRNA degradation was assessed in the presence and absence of actinomycin D (to inhibit new mRNA synthesis). The available data strongly support the mechanistic importance of increased transcription for the previously described TNF-␣/MCP-1 mRNA results: First, none of the injury models, by themselves, changed the amount of TNF-␣, MCP-1, or HO-1 mRNA degradation. Second, although acute LPS injection acutely stabilized MCP-1 mRNA, this was the same in control and ARF tubules. This strongly suggests that the observed differences in MCP-1 mRNA responses to LPS reflected different transcription rates. Third, although the LPS-PC mice exhibited greater TNF-␣ mRNA stability upon LPS rechallenge than did control mice, no such stabilization was observed after LPS injection in the setting of either UUO or maleate-induced ARF. Thus, although these observations underscore the potential emergence of selective mRNA stabilization after LPS injection, they also indicate that this mechanism is an insufficient explanation, by itself, for the ARF-induced LPS hyperresponsive state; however, exact assessments of relative contributions of stabilization versus transcription for each gene/mRNA would require direct in vivo quantification of absolute transcription rates.
In our previous studies of induction of LPS hyperresponsiveness after renal injury, the mRNA assessments were made from 2 to 4 h after LPS injection. The longer the interval between LPS injection and tissue sampling, the greater is the potential for changes in mRNA stability to affect mRNA levels at any given transcription rate; therefore, in this study, we assessed mRNA levels shortly (15 min) after LPS injection. As noted, in each of the three test models, marked increases in TNF-␣ and MCP-1 mRNA were documented at this early time point. Thus, when these results are interpreted along with the changes in Pol II recruitment, they further support the concept that increased transcription was the dominant mechanism for the preferential TNF-␣/MCP-1 mRNA increases in ARF kidneys upon exposure or re-exposure to LPS.
The specific mechanism(s) that dictates these Pol II responses needs to be defined. In this regard, recent work suggested that epigenetic histone modifications, including methylation, acetylation, phosphorylation, and ubiquitination, can enhance or suppress Pol II recruitment to target genes. 38 -41 By modulating Pol II binding, these changes can induce cellular "memory" and thereby alter subsequent injury responses. Because H3K4m3 can augment gene expression, 30 -32,42,43 we probed ARF kidneys for this mark at target genes. In each of the ARF models, increased H3K4m3 levels were observed at TNF-␣ and MCP-1 gene loci. Conversely, H3K4m3 was unchanged at HO-1 exons. Thus, these results exactly parallel the Pol II recruitment and mRNA responses that were observed. It is premature to conclude that changes in H3K4m3 directly mediate LPS hyperresponsiveness or tolerance because multiple histone modifications may coexist. Furthermore, the mechanisms that mediate these histone modifications (e.g., possible increases in methyltransferase activities) and the potential indirect impact(s) of other injury responses (e.g., HO-1 induction, cholesterol accumulation 4, 8 ) remain to be defined; however, the H3K4m3 results do underscore the principal conclusion of this work: That heightened or suppressed ARF "stress" responses reflect and likely stem from changes at the genomic level. Further exploration of this concept will likely yield important new insights into our understanding of tissue adaptations to injury, in general, as well as defining downstream consequences of ARF.
CONCISE METHODS
LPS-PC Model: Effects on Subsequent LPS Responsiveness
All animal experiments were approved by the institution's IACUC in accordance with NIH guidelines. LPS-PC was induced by intravenous injection of 2 mg/kg Escherichia coli LPS (0111:B4; L-2630; Sigma Chemicals, St. Louis, MO). 8 Controls received an equal volume of vehicle (approximately 100 l). Approximately 18 h later, the mice were rechallenged either with the same dosage of LPS or with vehicle. Kidneys were resected 15, 30, or 90 min later and assessed for either Pol II recruitment to start/end exons of TNF-␣, MCP-1, or HO-1 (see ChIP Assay) or their respective mRNA 5, 6 (n ϭ 5 to 6 animals to establish each group).
Maleate ARF Model: Effects on LPS Responsiveness
Na maleate (600 mg/kg) or saline vehicle was administered intraperitoneally. 31 At approximately 18 h after maleate injection, these mice and control mice were subjected to either the 2 mg/kg intravenous LPS challenge or intravenous vehicle (saline) injection. Kidneys were resected either 15 or 30 min later and were analyzed for Pol II localization at TNF-␣, MCP-1, and HO-1 exons (start and end) and their cognate mRNAs (n ϭ 5 mice per group).
UUO Effects on LPS Responsiveness
Left UUO was induced in 10 mice as described previously. 6 Approximately 18 h later, four of these mice were subjected to bilateral nephrectomy. The remaining six mice were administered an injection of LPS, followed 15 min later by bilateral nephrectomy. Each kidney was cut in half, the cortices were dissected, and the tissues were used for either mRNA analysis (TNF-␣, MCP-1, and HO-1) or for Pol II localization at the start and end exons of each gene (see ChIP Assay).
Renal Cortical ChIP Assay
Renal cortical tissue samples were probed for RNA Pol II localization at TNF-␣, MCP-1, and HO-1 genomic DNA sites with a previously described Fast ChIP assay. 31 In brief, approximately 25 mg of tissue was fixed in formaldehyde, minced, pelleted, extensively washed, and sheared by sonication. ChIP was conducted using anti-Pol II antibody (Santa Cruz Biotechnologies, Santa Cruz, CA; SC899). Nonimmune (mock) IgG served as a control. Protein A beads were used to capture anti-Pol II and associated DNA fragments. After proteinase K treatment (to release DNA), analyses for start and end exons of TNF-␣ (exons 1 and 4), MCP-1 (exons 1 and 3) , and HO-1 (exons 1 and 5) were performed using real-time PCR. 31 The primer sets are listed in Table 1 . 18S ribosomal DNA was quantified to serve as a negative control. Pol II density at genomic sites was expressed as a signal-to-noise ratio (R) using the formula R ϭ exp 2 (CT mock Ϫ CT specific ), where CT mock and CT specific are mean threshold cycles of PCR done in triplicate on DNA samples from specific and mock immunoprecipitations.
mRNA Stability Assay
LPS-PC.
Renal cortical proximal tubules were isolated 31 from the following groups of mice, as described previously: (1) Control mice, (2) LPS-PC mice, (3) normal mice 30 min after intravenous LPS injection, and (4) LPS-PC mice 30 min after LPS re-injection. Each tubule preparation was divided into four aliquots and incubated for 3 to 6 h at 37°C in the presence or absence of actinomycin D (2 g/ml). Actinomycin D was used to inhibit new mRNA synthesis such that changes in mRNA levels reflected degradation rates. Tubule incubation medium 31 was supplemented with 5 mM glycine to help maintain tubule viability (Ͻ10% lactate dehydrogenase release over the course of incubations). At the completion of the incubations, total RNA was extracted and assayed for TNF-␣, MCP-1, and HO-1 mRNA by reverse transcriptase-PCR. 5, 6, 11 The percentage of mRNA degradation was assessed by comparing mRNA values after control versus actinomycin D incubations. At least six sets of tubule preparations per each experimental group were analyzed. (Note: TNF-␣ mRNA was assessed after both 3-and 6-h incubations; MCP-1 and HO-1 mRNA were assayed only after 6-h incubations because of their greater half-lives.)
Maleate Toxicity.
Tubules were harvested from 10 mice at 18 h after maleate injection and from 10 control mice. Thirty minutes before isolation, half of each group were administered an injection of LPS or vehicle. Each preparation was divided into four aliquots: Control incubation for 3 or 6 h or incubation with actinomycin D for 3 or 6 h, as already described. At the end of the 3-to 6-h incubations, TNF-␣, MCP-1, and HO-1 mRNA were assessed and analyzed as already.
UUO.
Twenty mice were subjected to UUO. Approximately 18 h later, half were administered an injection of either LPS or vehicle. Thirty minutes later, tubules were harvested from obstructed left kidneys or from CL right kidneys and incubated as noted previously (with or without actinomycin D). To have sufficient tissue for study, two UUO kidneys and two CL kidneys were combined for tubule isolation and analysis. This yielded five separate samples for each analysis (UUO with or without LPS; contralateral kidneys with or without LPS; each incubated with or without actinomycin D).
Statistical Analysis
All results are presented as means Ϯ 1 SEM. Statistical comparisons were made by unpaired t test (significance judged by P Ͻ 0.05). When multiple statistical comparisons were made, the Bonferroni correction was applied. Cortical tissue mRNA results were expressed as a ratio to simultaneously measured glyceraldehyde-3-phosphate dehydrogenase mRNA. 5, 6 
